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PSEUDOMORPHISM. 

When a mineral presents itself under a form which does not belong 
to it, there is then what I shall call pseudomorphism. 

The substance from which the mineral borrows its form may be of 
any kind—inorganic or even organic. I t is called original or psen-
domorphosed, while the mineral which replaces it is called pseudo-
morphio. 

Pseudomorphism by alteration is that in which the pseudomorphic 
mineral still contains the elements of the original substance. Pseu
domorphism by displacement is that in which this is not the case. 
In order to understand the difference which exists between these two 
kinds of pseudomorphisms, it suffices to mention as examples iron-
pyrites, which changes into limonite, still preserving its crystalline 
form ; or fluor, which after being completely destroyed, is replaced 
by quartz. The name of paramorphisrn has been given to the kind 
of pseudomorphism which is produced without modification of 
chemical composition. Arragonite changed into calcite, and pyrite 
changed into marcasite are examples. 

At first sight it seems that these metamorphoses of minerals must 
be very exceptional, but observation teaches us, on the contrary, 
that they are met with in a number of localities ; they are, moreover, 
extremely varied. In fact, they include all the alterations to which 
minerals are subject in their structure and in their chemical compo
sition. They include also, as a particular case, the decomposition of 
minerals ; and kaolin, for example, results from a true pseudomor
phism of felspar. 

When organic bodies, whether animal or vegetable, are pseudo-
morphosed, there is produced what M. Naumann has called zoo-
morphs and phytomorphs.t The pseudomorphism of organic bodies 
may likewise be established as easily as that of the best crystallized 
mineral; for, although the form of these bodies may not be simple 
and geometrical, it is, however, quite characteristic, and moreover it 
corresponds to a known composition. Besides, the study of this 
pseudomorphism is not less interesting than that of minerals, and it 
takes place by the same processes. The comparison of the original 

* Vol. xvi., p. 404, 6th livraison : 1859. 
f C. P. Naumann : " Elements der Mineralogie." 
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substance, organic or inorganic, with the mineral which has replaced 
it, permits us immediately to recognize and understand its metamor-
phism ; moreover, as the minerals and organic bodies have a gene
rally constant form and composition, their metamorphism may be 
much more accurately defined than that of rocks. 

The principal researches in pseudomorphism are due to Werner, 
Haiiy, Mohs, Langrebe, Freiesleben, Blum, Breithaupt, Haidinger, 
Mitscherlisch, Sillem, C. F. Naumann, G. Bishof, G. Rose, Haus-
mann, Dana, Phillips, Kenngott, Scheerer, Rammelsberg, Plattner, 
Reuss, Hermann and Antoine Miiller, Leonhard, Zippe, Quenstedt, 
Glocker, Von Dechen, Suckow, Noggerath, W. Stein, Foetterle, 
Scacchi, Delafosse, Descloizeaux, Roth, Wiser, Von Zepharovich, 
Nauck, Tamnaw, De Carnall, C. Von Haiier, Foster, Whitney, Jack
son, Fowler, Websky, G. Brush, Smith, Shepard, Broun, Vinkler, 
Volger, Hessel, Oppe, Fr. Sandberger, Dieffenbach, Schuler, Credner, 
Gutberlet, Dauber, Beck, Carius, Greg, W. G. Lettsom, Fox, Soch-
ting, Veibye, Forchhammer, Von Rath, Kjerulf, Von Richthofen, 
Gergens, Richter, Girard, Jensch, Heffter.* 

Difficulties of distinguishing hetween Envelopment and Pseudo
morphism.—Before summing up the observed facts, it seems to me 
necessary to call special attention to certain deceptive appearances 
in pseudomorphism. 

In the first place, when two minerals envelope each other, if the 
enveloped mineral is completely destroyed and has disappeared, the 
enveloping mineral may easily retain its form; there is then pro
duced a special metamorphism which arises from an incrustation, 
and which is visibly connected, in the most intimate manner, with 
envelopment. Now it sometimes happens that one mineral is sur
rounded by another which results from its alteration, which is 
especially what we observe in anhydrite and gypsum. Certain 
mineralogists have conversely presumed from this, that when two 
minerals envelope each other, the one results from the pseudomor
phism of the other. This may certainly be the case sometimes, but 
we may soon easily discover that it is not what occurs most usually. 

Moreover, when a mineral is crystallized, it frequently envelopes a 
very notable proportion of another mineral. The dominant mineral 
is not even that which gives to the mineral its crystalline form ; and 
generally it has been considered as pseudomorphic. Is there here, 
then, an envelopment; or, on the contrary, pseudomorphism ? The 
solution of this question presents, as we shall see, very great difficul-

* The publications relative to pseudomorphism hare been so multiplied of late 
years, that it was necessary to renounce giving a list of them here. They are to 
be found specially in the various publications of Germany, particularly the 
" Neues Jahrbuch" of Leonhard and Bronn ; " Jahresbricht" of J. Liebig, Her
mann Kopp, and Will; " Zeitschrift der Deutschen Geologischen Gesellschaft;" 
" Poggendorf Annalen ;" &c. Besides, they have been summed up in the classical 
works of B,. Blum, C. F. Naumann, Haidinger, G. Bischof, Dana, Kenngott, &c. 
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ties ; and in order to solve them we must, in the first place, seek to 
ascertain how envelopment is produced. 

When a mineral crystallizes, the substance which it envelopes 
remains sometimes amorphous. This, for example, is what takes 
place in the sand which is found in the rhombohedrons of calcite from 
Fontainebleau. I t is the same with made, (andalusite,) which, 
according to M. Durocher, has retained a part of the schist in the 
midst of which it formed. But the mineral enveloped in another 
which is crystallized, has most frequently been crystallised itself. If 
we consider two minerals in those conditions, we must distinguish the 
case in which their crystals are independent, and that in which they 
are symmetrically arranged. 

1st, Envelopment without Symmetrical Arrangement.—The first case 
is the simplest and also the most frequent. Generally, when two 
crystallized minerals envelope each other, their crystals have any 
direction with regard to one another, and are independent. 

Thus magnetite in hornblende, chlorite in calcite, mica in augite, 
in hornblende, in orthoclase, and in the felspars, are most frequently 
in crystals completely independent of the minerals in which they have 
formed themselves. 

As long as the enveloped mineral is found in crystals clearly isolated 
and not numerous, no confusion is possible between envelopment and 
pseudomorphism. On the contrary, we find ourselves in the presence 
of the greatest difficulties as soon as the enveloped mineral becomes 
sufficiently abundant to disguise, as it were, the enveloping mineral; 
or when it is associated with it so intimately that the one passes in
sensibly into the other. For example, garnet has been considered 
pseudomorphic after idocrase because it is observed sometimes in its 
interior; and this is, indeed, what I had the opportunity of verifying 
in the collection of M. Wizer, at Zurich. But it is necessary to remark 
that the idocrase is, in its turn, enveloped by the garnet. Although 
it is very easy to conceive the metamorphism of these two minerals, 
since they have nearly the same chemical composition, I think we 
should only admit it if it were clearly established that the garnet can 
substitute itself entirely in the place of the idocrase. 

We should also observe the same reserve with regard to iolite, 
(dichroit, cordierite,) and mica; for iolite, whenever it bears no trace of 
alteration, often covers itself with very numerous scales of mica, under 
which it so disappears, that it is necessary, in order to recognize it, 
to examine its fracture in a plane perpendicular to the scales. In the 
variety of Amity (Maine) which has been designated under the name 
of chlorophyllite it is easy to establish that the large scales of 
green mica are very close together, and that they alternate with the 
bluish white. 

Is it quite certain that mica pseudomorphoses kyanite (disthene) ? 
I do not think so ; it has merely seemed to me that kyanite frequently 
enveloped a greater or less proportion of mica, which was mixed with 
it, and into which it might even pass. But there is nothing in this 
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circumstance which should surprise us, for kyanite is found especially 
in rocks which are very rich in mica ; moreover, the mica which 
penetrates it is completely identical with that of the mica-schist in 
which it is formed. I t is, therefore, very plain that the mica and the 
kyanite were crystallized simultaneously, and at the same time as the 
rock which incloses them. 

The same remark applies to andalusite, to chiastolite, to staurolite, 
to hornblende, to augite, &c, which are often more or less penetrated 
by the micas. In the very numerous specimens I have examined, 
the various minerals were not pseudomorphosed; they simply en
veloped the micas, which were identical with those of the rocks in 
which they were formed. 

The largely lamellar chlorite, which in chlorite-schist envelopes 
and penetrates, often in the most intimate manner, crystals of mag
netite, and which does not differ from that which constitutes the 
chloritic schist itself, does not seem to me to result any the more from, 
a pseudomorphism. 

I am inclined to believe that it will be necessary to make pretty 
numerous suppressions among the minerals which are regarded as 
pseudomorphic, and particularly among the silicates. The only 
pseudomorphic which should be retained are those which take the 
form of another, and which are, besides, susceptible of replacing it 
completely. I t is, moreover, easy to understand that when minerals 
have crystallized simultaneously, they were in a position to associate 
and'envelope themselves in easy proportion; which, indeed, before long 
will become still more evident. 

2nd, Envelopment with Symmetrical Arrangement.—Envelopment 
is sometimes accompanied by symmetrical arrangement, and then it 
is necessary again to distinguish many cases. 

Symmetrical arrangement is observed, in its rudimentary state, 
whenever the two minerals are grouped in respect to each other with 
a certain symmetry. This, for example, is what seems to occur in 
the galena of Neudorf, in the Harz, which forms a thick and more or 
less regular crust around calcite. According to Messrs. Scheerer 
and Blum, this galena is in very brilliant crystals, which attain the 
size of a nut, and present combinations of the octohedron, the cube, 
and the rhomboidal dodecahedron. I t envelopes the calcite, and is 
also enveloped by it. Its thickness is often reduced to that of a 
sheet of paper. 

Garnet offers the same peculiarities at Arendal, at La Bergstrasse, 
and at Le Canigou; for its crystals envelope calcite which is likewise 
crystallized, and the thickness of their sides may become microscopic. 
Sometimes also a crystal of garnet envelopes pistacio-green epidote 
(pistazite), which in its turn envelopes the calcite. Moreover, 
garnet may similarly envelope' felspar, quartz, hornblende, diallage, 
gypsum, &c. 

The idocrase of Christiansand, which has formed in the saccarhoid 
limestone, is in large crystals, which have only a few lines of thick
ness, and which also envelope the calcite. 

VOL. IV. C 
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Phlogophite mica occurs in reddish-brown laminse, which invests 
in a very remarkable manner the augite of Monroe, and which are 
disposed almost perpendicularly to its faces. 

The mica which is formed in hornblende, augite, iolite, pinite, 
chlorophyllite, presents sometimes a determined direction, and its 
laminse are parallel. • 

The felspar of the syenite of Norway, as we have seen, envelopes 
natrolite, which in its turn envelopes a kernel of this same felspar. 
Fluor envelopes pyrite concentrically. 

Symmetrical relations may again be well observed in made* (an-
dalusite), which has symmetrically grouped the schist which it 
envelopes. I t appears also in certain crystals of hyalin quartz, 
which contain small grains of quartz, which are crystalline and very 
distinct; these latter are grouped parallel to the faces, either of the 
regular hexagonal prism, or of the pyramid which surmounts it. 
This, for example, M. Des Oloizeaux has observed in the quartz of 
Brazil. He has also shown that Iceland spar contains isolated grains 
of calcite, which are generally grouped parallel to the faces of the 
metastatic or to those of the primitive rhombohedron. When pyrite 
is disseminated in microscopic grains in spathic carbonate of lime, it 
also groups itself, following the same plane; and it is the same with 
the chlorite (ripidolite) which is enveloped by the dolomite of Tra-
verselle. 

But the symmetrical arrangement may be still better characterized 
than in the preceding examples ; and then it occurs at once in the 
two minerals, either by relation to a centre, or by relation to axes, 
according as one or the other case occurs; it is hence central or 
axial. 

Central Symmetrical Arrangement.—Metalliferous lodes sometimes 
show a well marked central symmetrical arrangement. Thus at La 
Chevrette, in Dauphine, spathic iron envelopes quartz, and both pre
sent crystals symmetrically arranged towards a centre, from which 
result a radiated structure. According to M. Burat, it is the same 
with towanite, blende, and galena which are enveloped by the fibrous 
and radiated augite of the mines of Tuscany. 

Rocks which have a globulous structure also especially afford us 
particularly clear examples of envelopment with a central symmetri
cal arrangement. In the Rapakivif of Finland and in certain por
phyries, the oligoclase envelopes the orthoclase, around which it 
forms a regular aureole. In the pyromeridej of Corsica, the globules 
are composed of felspar crystallized in needles, which start from the 
circumference or the centre, and which follow the direction of the 
radii. In orbicular diorite the felspar envelopes the hornblende, and 
the laminae of the two minerals are symmetrically arranged towards 

* Chiastolite. 
t For this rock see Gotta—" Gesteinslehre," p. 123.—H. C. S. 
I Ibid, p. 102.—H. C. S. 
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the centre, at the same time that they are grouped in concentric zones.* 
Central symmetrical arrangement may visibly occur in minerals of 

very diverse composition. When it is tolerably regular, as in the 
case of the globular minerals, it gives a radial structure. 

(To be Continued.) 

THE EVIDENCES OF THE GEOLOGICAL AGE AND 
HUMAN MANUFACTURE OF THE FOSSIL FLINT 
IMPLEMENTS.! 

BY THE EDITOB. 

(Continued from vol. iii., page 408.^ 

AMIENS and Abbeville do not, however, enjoy a monopoly in these flint imple
ments ; they are found, apparently, all over the earth. At any rate, we can boast 
in our land of such treasures, and we can proudly record that the first discovered 
specimens belong to England. Let Amiens and Abbeville by all means be 
commemorated as the scenes of M. Boucher de Perthes' persevering investiga
tions, which have furnished the incitement to the present remarkable inquiry— 
let the names of Boucher de Perthes, Prestwioh, Falconer, Flower, and Evans, 

be duly honoured as the pioneers of the investigation; 
but let us also think of Hoxne, Grays, Uford, Maid
stone, Stanway, and the scores of other places where 
mammalian bones have been found in our own land— 
and, let us hope that our young geologists will set to 
work, and reap a rich harvest in the yet ungarnered 
fields. Does not this first recorded implement—this 
earliest discovered relic—(fig. 5) treasured and pre
served in the Sloane collection, the nucleus of the British 
Museum, and entered in that old catalogue, two hun
dred years ago—encourage them. Does it not say in 
unmistakable language " Under your feet these relies 
may be found ?" 

There is another of these spear-shaped flints, which 
has obtained a great deal of notoriety in the late dis
cussions? It was found at Hoxne, in Suffolk—a place 

Kg. 6.—Mint implement memorable in the history of the good king Edmund, 
ta££"»™&B]!££o& t h e s a i n t m d martyr-and was described, and figured 
lection, British Museum, in the " Archseologia," (see cut 9, p. 20j, by Mr. Frere, 
Size 7 inches by 4 inches, the finder, who, with remarkable acuteness, seems to 
have fully comprehended the value and true bearing of his discovery. His 
paper is, even now, an excellent epitome of the subject; and we give it at 
length, just as it was read in 1797, before the Society of Antiquaries of London. 

* Becherches sur les Eoches Globulenses: par Mi Delease. (Memoires de la 
Soe. Geol., 2 ser., t. iv., p. 301.) 

f Being an illustrated explanatory article of Mr. Mackie's Geological Diagram, 
No. VI. 


